The purpose of the present study is to determine whether a long range correlation is present in BZ (Belousov-Zhabotinskii) reaction and how this correlation varies with the change in concentration of the solution. To explore the dynamics of the system with change in concentration, phase space plot and power spectrum are studied. Hurst exponent is estimated using lo g log plot and R/S technique. We discuss the results which uncover how the system changes from an excitable steady state to a limit cycle.
Introduction


Long range correlations have been found in a wide
number of systems including biological, physical, economical, geological, and urban systems [1] . A system is said to exhibit long-range correlations when some physical properties of the system are correlated at different times (or positions) and the corresponding correlation function decays much slower than exponentially as a function of time or distance. In physics and mathematics, long-range correlations typically refer to a power-law decay of the correlation function. The mechanism for generating such long-range correlations is not always obvious. Usually, long-range correlations are a result of the collective behavior of a complex system (under unique conditions), with the multiple components interacting through "local" (short-range) interactions. Recognizing the ubiquity of long range power law correlations can help us in our efforts to understand nature.
In this study we discuss the relevance of these [2] [3] [4] [5] [6] .
BZ reaction [7, 8] is always at the centre of scientific interest even five decades after its discovery. BZ reaction is given in Ref. [9] .
The classical, cerium-ion-catalyzed reaction system was first elucidated by Field et al. [10] . The complex reaction was reduced to some coupled elementary pseudoreactions. Field and Noyes were able to construct a simplified mathematical model [11] , now known as the Oregonator, which exhibits oscillatory limit cycles. The model also successfully describes the fascinating features of the complex phenomena seen in the BZ reaction, both temporal, such as excitability [12, 13] , bistability [14] , stirring effects [15, 16] , quasiperiodicity, and chaos [17, 18] , and spatial, including traveling waves [19] , target and spiral patterns [20, 21] , scroll rings [22] , and their orientation dynamics in advective fields [23] . In our study, we will, in particular review the evidence supporting the presence of long range correlation in this reaction. 
Theory
Analysis
Our analysis begins with a careful study of the raw signal which gives the different values of absorbance consecutively in time at a particular wavelength.
These allow us to shed light on the correlation between chemical oscillations and spatio-temporal dynamics, how the peak wavelength evolves with time.
Data were collected at intervals of 0.1 s until 14,000 data points were obtained. In the BZ reaction Br ] was an entrance of studying the mechanisms. Fig. 1 shows the wavelength of maximum absorbance. This wavelength at which the absorbance is greatest is the most suitable wavelength for study.
The spectrophotometer is more sensitive to absorbance changes at this wavelength. Thus, the wavelength of maximum absorbance is typically used for the analysis. From Fig 1, it has been found that 540 nm is the most suitable wavelength for study. It is seen that the frequency of oscillation decreases in time as reagents are consumed. From a dynamical concentration. This indicates the existence of a long-range correlation with increase in concentration.
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As the concentration decreases, the rate of the BZ reaction decreases due to decrease in the collision rate among the BZ substrate. As a result, the degree of persistence also decreases. In Fig. 5 , the log power is plotted against log frequency for different concentration. The slope is calculated and the H values obtained are as follows:
The Hurst exponent calculated from R/S method varies from 0.96 to 0.98 in all the cases. So, it
indicates that Hurst exponent calculated by R/S method matches with that calculated by the former method only at higher concentrations.
Conclusion
The results presented in this work show the dynamic behavior of the BZ reaction. The oscillating chemical reactions are highly sensitive to external perturbations. The reaction is perturbed by adding known amount of water to the reactants while monitoring the change produced in the oscillating pulse. It is interesting to note that the oscillatory regime decreases as we go on adding water thereby decreasing the concentration of the reactants in a closed system. Upon variation of the concentration, we see the evolution of the system from an excitable steady-state to a limit cycle.
